Abstract: The Maintenance factors and destructive processes which affect systems and elements of technical objects result in undesirable changes
Introduction
The authors of the paper have made an attempt to evaluate the influence of damages occurred during transport means operation on reliable transport systems functioning. On the basis of literature analysis and the authors' investigation results it was found that damages to transport means used in transport systems are the result of the impact of different forcing factors. These factors can be divided into:
-working factors -affecting the machine in result of execution of the working process by a machine (conditioned by the machine functioning), -external factors -characterizing the impact of the environment on the machine (not conditioned by the machine functioning) -antropotechnical factors -affecting the machine in result of conscious and unconscious activities of the man (eg. people's mistakes made during the process of operation and maintenance). Due to the character of the forcing factors influence on the technical object, they can be divided into two basic classes:
-those conditioned by the machine operation ( affect the machine only during its operation), -those not conditioned by the machine operation ( affect the machine also when it does not work). A certain number of damages results from natural wear of the machine elements, whereas other damages can be caused by an ineffective repair of the previously occurred damage. In result of it, the so called repeatable damages occur over a short period of time. They are caused by inappropriate organization of repairs, poor skills of the service workers, limitations connected with pre and past repair diagnosing, etc. On the basis of analysis of the authors' own research results, it was found that identification of the damage occurrence causes, carried out during the transport means repairs, is of great importance for transport means reliability improvement. The main causes of damages resulting from repair mistakes include:
-use of inappropriate material -errors of regulation -errors of the repair technology -use of a wrong spare part -use of inappropriate material 361 -use of a part with an invisible technological fault -mounting mistakes -post repair pollution It results from the analysis of experimental tests, that a reduction of the number of repeatable damages is the main problem whose solution makes it possible to affect the transport means operational reliability. The main goal of the research is to evaluate the influence of transport means damages on the transport system operational reliability. The research object are damages to transport means subsystems, used within a chosen transport system. The research subject, however, is the influence of these damages on the transport system operational reliability. The following definition of the repair efficiency has been adopted on the basis of the analysed references (Woropay & Wdzięczny, 2006): "Repair efficiency -is a goal realization degree, in which such a repair should be finished, without considering its economic aspects. The specific repair of the investigated subsystem is considered to be efficient, if it gets closer, in more positive way, to the specified goal being the assurance of the system task ability to accomplish the task within specified time interval."
Investigation object
All the considerations deal with the transport systems performing transportation of passengers and cargo over water, land and air routs. The main operation aim of such systems is realization of transport service within a specific environment, within specific quantity and within specific time by means of technical objects being operated and maintained within the system range. Therefore, evaluation and assuring their required operation quality, both in terms of safety, efficiency, reliability, readiness with simultaneous giving consideration to the economical aspect, forms an essential factor in the process of operating and maintaining them. The investigated transport systems belong to the group of the sociotechnical systems of <H-M-E> (human -machine -environment) type, in which evaluation of their operation quality is performed depending on the changes of the feature values describing the action of the operators, technical objects controlled by them and the influence of the environment.
Investigation methodology
The investigations were performed within an urban transport system. The operation and maintenance investigations concern the damages to the subsystems of the means of transport and the moment in which they occur. These investigations were performed using a passive experiment method in real operation and maintenance conditions. A set consisting of 28 means of transport used in real operation and maintenance conditions was randomly selected for the investigation purposes. The investigation results cover fiveyear long vehicle operation and maintenance period.
The analysis damage methodology
When analysing statistically the moments the damages to the means of transport occur, a difference between the theoretical distribution and empiric one of the time interval values occurring between these moments ( Fig.1 ) was observed. The significant difference between the theoretical distribution and the empiric one occurring at the beginning of the interval (0, t p ), from the moment p declines to zero. However inside the interval (t p , ∞) the theoretical function is consistent with the empiric distribution. This discrepancy results from the secondary damages caused by improper quality of the repairs of the damaged elements that occurs in the interval (0, t p ). The investigations prove that the moments of the secondary damages are included inside the interval from 0 to 7 days. The analysis of the empiric data (the length of the time intervals between the damages) indicates that it is reasonable to describe the probability distribution of the correct work times with the reliability function R(x) formulated as follows (Bendat & Piersol, 1976) : 
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It is a combination of the exponential distribution pe -λx (with unknown value of the parameters (pλ) and the reliability function R w (t). The estimation of the distribution parameters (pλ) with the reliability function described with the dependence (1) is a complex problem. Assuming that for unknown distribution (times of correct work) focused on the limited time interval (0, t p ) it is possible to estimate the values of the parameters p and λ, then for high values of t it may be assumed that: R(t) ≈ p*exp (-λt) . In that case using the methods of the linear regression (in the semi-logarithmic system) the values of the parameters p and λ may be evaluated for different random tests cut off from the bottom. For each such a approximation a regression standard fault is calculated -S(i), where i stands for the index of the day from which the data are analysed. The analysis of the changes S(i) depending on the value of i indicates that there is a minimum s(i) for various i, most frequently for i = 5, 6,..., 12.
The changes of the real function may be described by a combination of the probability distribution with density g(t) and exponential distribution. 
It is assumed that the distribution of the random variable X i (n) does not depend on i. According to the theorem of Grigelionis it is known that with n → ∞ the random variable X(n) has exponential distribution. It is assumed that the probability density of the random variable T is formulated as follows:
2) It is a combination of the probability distribution with the density g(t) and the exponential distribution with the density given with the formula (3):
The estimation of the parameter α and λ of the density (3) is based on the assumption that the density g(t) takes the values above zero, and that they are relatively low and included within the range from 〈t p , ∞〉. The analysis of the results of the operation and maintenance investigations regarding the moments the damages occur prove that the set of the damages may be divided into subsets of the primary and secondary damages. It results from the fact that the consecutive moments of the damages to the same subsystems are gathered sequentially after a single damage occurred. The figure 2 shows an exemplary damage stream of a chosen subsystem of a mean of transport. t i -the moments the primary damages occur, t ij -the moments the secondary damages occur, T i -the time intervals between the moments the primary damages occur, T ij -the time intervals between the moments the secondary damages occur.
As it is shown in the figure 2, the first of the damages which occurred at the moments t i , cause the sequences of the subsequent damages to the same subsystem within short time intervals. These damages are called primary. Whereas the next of them, with the finite number of repetitions, occurring at the moments t ij , are called secondary. Based on the analysis of the investigation results it has been found that the reason for the secondary damages is, in general, improper quality of the repairs of the primary damages to the subsystem elements. The primary damages are independent on one another and they occur randomly (they are not connected with one another by the cause and effect links). The secondary damages are dependent, because their occurrence depends on prior occurrence of the primary damage and the effect of its improper repair or improper repair of the next secondary damage. Reduction of the probability of the occurrence of a secondary damage may be an initial point for reducing the damage intensity. It may be achieved by eliminating the damages occurring due to unreasonable realization of the repair process (Muślewski & Wdzięczny, 2008).
Damage classification
The classification of the damages to the means of transport was done for their respective subsystems. That was why the object under investigations was decomposed to its subsystems. 
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So called significant subsystems, that means such systems whose damage effects occurred within the time interval under investigation affect the operation reliability of the means of transport to the highest extent were selected in order to analyse the damage stream. In order to classify the damages as primary and secondary ones the following criteria were adopted: a) essential criterion -the average distance in kilometres travelled between the consecutive damages of the j-the subsystem depending on: L u -summarised number of the damages of the mean of transport under investigation, P c -total distance travelled by the mean of transport during the investigation time [km], L śrj -average distance travelled between two consecutive damages of the investigated j-th subsystem [km], described with the following dependence (4):
s j ' -standard deviation [km], described with the dependence (5):
where: L ij -the distance travelled between the consecutive repairs [km] of the j-the subsystem, n -number of the measurements that is the number of runs between the consecutive repairs of the j-th subsystem. s j -standard deviation including the t-Student's index depending on the number of the measurements n and the confidence coefficient 1-α, has been described with the dependence (6):
The closer the confidence coefficient is to 1, the more extensive coefficient range is achieved. The confidence coefficient adopted in the paper is 1-α = 0.95. It is the most frequent value of this coefficient used in the statistical research. Along with the increase of its value the standard deviation s goes up j . Previous damage to the j-the subsystem was a primary one L upj on condition that the following dependence was fulfilled (7): -s j , j=1,2,. ..,k (7) Previous damage to the j-the subsystem was secondary L uwj on condition that the following dependence was fulfilled (8) : Basing on the analysis of the operation and maintenance investigation results it was assumed that the time intervals of the correct operation between the consecutive damages to subsystem may be expressed by means of an exponential distribution (Zając, 1988) . While the condition of the critical time t kr was set on the basis of the dependences described below (9, 10, 11). (14) After transforming the dependences (9÷12) the critical area of the exponential distribution was obtained, which is expressed with the dependence (15) .
In order to determine the value of the efficiency factor of the performed repairs the following relationships and dependences were adopted. N(t) -summarized number of the repairs of the technical object under investigation up to the moment t, is described with the relationship (16):
N j (t) -number of the repairs of the j-th subsystem up to the moment t, was described with the relationship: 
for i = 1,2,...,n, j = 1,2,...,m where: L ij (t) -the travelled distance or transmission between the consecutive repairs of the j-th subsystem up to the moment t, N j (t) -number of the repairs of the j-th subsystem up to the moment t (Sobolewski, 1998 ).
Process model of the moments in which the damages occur
Because of impossibility to carry out long-term operation and maintenance investigations as well as due to difficulties to implement changes to the repair process of the means of transport system a simulation model of the moments in which the damages occur was built to facilitate generation of the streams of the damages to the means of transport. The analysis and evaluation of the results obtained at the simulation stage will enable to evaluate the efficiency of the repairs being realized in a real transport system.
By analysing the moments in which the damages to the means of transport occur and the values of the time intervals between them, the real process parameter values were estimated.
This was the basis for creating a simulation model representing a real stream of the damages, which, when being examined, enables to evaluate the efficiency of the repairs realized within a service process. On the basis of the relevant references and the results of our own investigations the generalized Gamma distribution (Firkowicz, 1970) has been adopted to generate, in the simulation program, the streams of the damages to the means of transport subsystems. By means of the adopted parameter values (b -scale parameter and, p -shape parameter, v -shape parameter) of this distribution, the time intervals between the moments in which the primary damages occur were simulated in the program. In case of adopting the values of the parameter v=1, the time intervals were generated according to the Gamma distribution. However, for the parameters with the values p=1 and v=1 the time intervals were generated according to the exponential distribution. The random variable X has gamma distribution, if its density is expressed by the following formula (19):
where: Г(p) is a gamma function expressed with the formula (20) 
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If we define a new variable:
then the random variable T has generalized gamma distribution with the probability density expressed with the relation (25) as follows:
The density of the generalized gamma distribution is stated in this paper in the following form:
The average value of this distribution is expressed with the formula (27):
and the variation with the formula (28):
The estimation of this distribution parameter has been stated herein (Firkowicz, 1970) . The random numbers coming from the generalized Gamma distribution (three parameters: b, p, v) are obtained as random numbers coming from the gamma distribution with the parameters b and p, which were raised to the The time intervals between the secondary damages were generated out of the Erlang's distribution with the defined values of the parameters of this distribution, such as: number of the secondary damages occurred in the sequence after a primary damage and the value of the parameter λ.
The random numbers out of the Erlang's distribution with the parameters n and λ are obtained on the basis of the following formula (30):
where: rnd -is a random number out of uniform (rectangular) distribution over the range [0, 1). The number of the events, in the damage stream generated by the simulation program, was determined on the basis of the statistical analysis of the real streams of the damages to the subsystems of the means of transport.
Chosen investigation results and verification of the model adequacy
On the basis of the analysis of a real stream of the damages to the selected means of transport subsystem, the damages were classified according to the adopted criteria (value of the limiting distance travelled expressed in kilometers and the critical time of correct work) to the subset of the primary or secondary damages. Due to the analysis carried out, the average times of correct work between the damages were determined. The determined statistics were entered to the simulation model (table 1) and the damage streams with similar parameters of the statistics, if compared to the statistics determined on the basis of the empiric data, were generated with its help In order to verify consistency of the real damage stream and the one generated by the simulation program, Kolmogorov-Smirnov goodness of fit test being used in case of small number of tests was applied. The goodness of fit test was used in order to check the consistency of the hypothesis saying that two tests have the same distribution. The differences between both distribution functions were considered in this test. The limiting distribution of the appropriate statistics, used to build the critical range for this test, is the same as limiting distribution of the statistics λ by Kolmogorov.
The critical value λ α was read from the table of this distribution for the predefined significance level α=0.95 to have P{λ ≥ λ α }=α. when the calculated value of the statistics λ meets the inequality λ ≥ λ α ,
The hypothesis H 0 was rejected because both tests have different
The next step was to simulate, by means of the program, improvement of the efficiency of the repairs being realized by reducing the value of the parameter λ by 25% each time, as it is presented in the table 2. In order to evaluate operation efficiency and reliability, the values of the selected reliability and efficiency factors were determined based on the references in question. Currently, works on creating universal efficiency indexes are being carried out. Maintenance and operation investigations involve defining value changes of these indexes, especially, determining the level of financial losses born by the transport company which have been caused by inappropriate operation and maintenance. Times of resultant repairs and being unfit for use have been analyzed, as well as costs of repairs, spare parts, maintenance and operation.
Summary
On the basis of the analysis of results of carried out investigations, it can be said that the simulation model makes it possible to generate a stream of damages with statistical values approximate to the real damage stream which reflects its adequacy. The presented in the paper model of damage occurrence times, meets the set requirements and can be used for generation of damage streams of transport means subsystems, also in other real transport systems. Use of the presented model enables performance of simulation research, depending on different variants of transport means repair efficiency improvement which in turn makes it possible to take proper actions aiming at rational control of the process of repairs carried out in investigated real objects.
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